Modulation of (Na+,K+)-ATPase activity by the lipid bilayer examined with dansylated phosphatidylserine.
The fluorescent probe 8-(dimethylamino)naphthalene-1-sulfonylphosphatidylserine (Dns-PS) was incorporated into purified lamb kidney Na+- and K+-stimulated adenosinetriphosphatase (EC 3.6.1.3) [(Na+,K+)-ATPase] by using a purified phospholipid exchange protein. Phospholipase C was used to reduce phospholipid content. Up to 40% of the phospholipid could be hydrolyzed with only 10% inhibition of the (Na+,K+)-ATPase, but when 67% of the phospholipid was hydrolyzed, the enzyme was inhibited 53%. To examine the effect of protein on the phospholipid bilayer, the fluorescent parameters of the probe incorporated into the enzyme preparation were contrasted with the same parameters for the probe incorporated into the total lipid extract of the preparation. The polarization of fluorescence of the probe in the lipid extract was 0.118 while in the enzyme preparation it was 0.218. This reflected a decrease in fluidity of the glycerol region of the phospholipid bilayer which was mediated by the protein. This effect increased as the phospholipid content of the (Na+,K+)-ATPase preparation was reduced so that with maximal phospholipid reduction the polarization of fluorescence was 0.262. The protein caused a decrease in the transition temperature from gel to fluid states of the bilayer detected by polarization of the probe. The midpoint temperature transition of the enzyme preparation decreased from 33 degrees C when all phospholipids were present to 20 degrees C when 67% of the phospholipids were hydrolyzed. This decrease was not observed for the lipid extract of these samples. A direct correlation between the (Na+,K+)-ATPase specific activity and the polarization of fluorescence of Dns-PS was found. The reduction in phospholipid content did not affect the steady-state level of phosphorylation of the enzyme by ATP but did affect the rate of dephosphorylation which would require conformational changes of the enzymes. The data showed that the fluidity of the phospholipid bilayer can modulate the activity of the (Na+,K+)-ATPase.